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SUimAEX 


th* lifc«ratur« on the kiti«t4c» of the fflartfinait® 
transfora&tion iu iron bj5»»o alloys 4« reviewed with Si^ooisl 
reference to the nucle&tioii of martensite* 

AnstOi^tiaed epeolmens of Fe«*30^ Hi alloys art 
Q^uenobed to C anc after 3 ainutee of isothermal holding 
uhey fere wptiuenched to vnri’.--ua holdiCi^ teaii erat'-^res between 
0 C and -10 C at ten de^jr u© iiitervuls* Percent&tj® of 
ai'irtenait® foi'Bed verses ti»© curves are obtained fro» 
electrical resistiince me&sureaenta* .A Kelvin bri%# is 
used for the electricnl resistance measurements* 

The ratio of the transforaution rates aust after 
and before the upgucnoh is t^rken cs^a the ratio of the molea» 

tiun rates at the two tenj-^cratures* Activation w%Tgy 

force 

is fount! to be profortionai to the drivi«4^for the trane- 
forsiation* hucleation rates show a C^curve behaviour and 
the teaperature at which’ aaximuii nucleation rate occurs 
is around 72‘'C* The sis© of the embryo and the interf acini 
energy of the embryo are calculated to give best fit. with 
the kaufmar/- Cohen sodol of the aarlensite embryo* Kaufman* 
Cohen model predicts that 'the activation energy at any 
temperature is ai~ximum for a siae r^ and for embryos siaaller 

than r the activation etiergy is proportional to (driving for 
while it is directly proportional to the driving force 

for eabryos larger thiai ' But the Oolculated sise of 

■ '*r " ■ 

the embryo is saaller thaii r.* 7o explain the observed 
proportionality between activation energy and the driving 
force* it is argued that the value of is lowered by the 



Btrmiiia produced In tiM m&%T±x durizig lh& tr^i^nfonaatium ■ 
Connid^ring thi» «f e«ot of tranafo ration etraiuo on th« 
of the Wbrtoir.Blte aabryo, it is ah„wn that 
th® iticrease in the nu«toer of op«rstiv@ eabryos is proportio- 
nal to th« volujae frac^it^n of mt.rt®nsit® fora«d, iu[*<i the 
thiekmoa® to lex^th ratio of laartehaite plates is larger 
for th© plates that fora at later Bta^m of the traiisfor-atioa. 
The discrepancy at later Bta^_®s of the tr&jaiform...tioa 
between the exper ieent ally deterained traasfomation carves 
and the curves calculated on t^e basis of a theoretical model, 
by Ka^havan ia qualitatively explained to be due to the 
lowering of the activation energy due to the transfarm.*, tion 
straiiui* 



COIiTE,Sti 


Fag® ^^0* 

1. LITEiiATURE REVIEW 

l&tXttdUOliQB I 

1.2 Essoi'itial Kiiiatic Faaturas JL 

1.3 Evid«ac« for Hattrogaaaoua Niaolt&tion 4 

1.4 Httaotlon Path Modal $ 

1.5 Tii« Bialooetioa Modal of lartacsit# -Msryo S 

1.6 Eacperimaatal Validity of the Maloeatiofi Modal 13 

1.7 C«OA«try of M&rtaaalta Uoils , '16 

1*8 Autooatalysia 17 

2. THE EXFEHlMEMfAl mSAllS 

2.1 Praparatiaa of tlia Spooiaao X$ 

2*2 Auato&itiaiog Iroatmoat 19 

2.3 EloolropolioMixig 20 

2*4 IMo Kolvia 21 

2*5 Tho EKporiauiotal Prooodum 22 

2*6 Caloulatioa of Porooaiago Marloaaita 23 

3. wESUm km MSCOSEIUM 

3.1 27 ■ 

5*2 Tlio C^urro Botovioiur 2$ 

%3 ActiyatioE Eiiorgy Proportional to tht Driving Foroo 32 

3.4 CaloifLationa wititi tii« I^ta fro* Maetilin and Coltoii 33 

3«3 Tlio if foot of 3traino in tlio l%lrix on inoloatiozi % 

4* C0iClill310SS 40 

f ABLE X 
himmu I 

'IS&WPWQWUffWM 

MlIrftPJSiJwAO 



'uMerstood. Unfortuofti^ely ttee progress of the Bwrteiisitio 
traiisfor«is.tioii i« not yet fully known* A brief reriiw of tJbe 
present dsy oonoeitts on the kiaetlos of nmrtenslte ti«nsfoi>» 
mition le presented in this ohapter* 

1*2 ^Bsaential linetio Features t 

There art three types of nartensite tr&nsfora&ticais 
whieh oan he dietinfuiehed hy their kinetiee* In most of 
the slloysy the tranefonaation shows elheriHil m^ture* As 
soon as the smterial ie (|uenohed to a temperature in the 
transforsation range» a definite aaiouiit of nartenslte dharae* 
terlstio of the temparature form within a wery short inter* 
iral of tine* Ho further tmmformtim oooiirs evao after 
long periods of isothensal holding* 

Iron^nioicel and ironHaiekel**aMPho® alloys with 
halos *0081 temperature show dlseontiiaious t*aaefon«al 4 oii 

r 




i 
f 

off gradually. Aftar otrtaln tiisa the aaount of aaartensite 
reinaine almost ocmataot* The final amouat depeade uix»n the 
temperature of the trazuifoimtiCHi. 

IMlihert and Cruseard eloeed deem hy a utabiliia* 
tioh treatfieot the rate of th» tranaformtlon in a Fe «• Cr « C 
alloy whloh would haire heen athensaX otherwleet ohsenred 
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ln%er£iiite Into ajoteni..©, atome fro?! tkm a.ateiiit© 

|.hafcj« ar« trarmferoti acroow tfae intorfac# int#' the »rteiiyit« 
llunshah and iloM*’ detarinlned %im n\te of 

th# interfao® to b® about 10^ ce/o®o in Fe - Ki alXo^. 

fkil& is about one third the veloelty of souad and ie Inde- 
pendent of the t;®jr.p@ratU 2 -e over the rai%# of -2a®C to 
•**'ith'thi 0 high rate of prop^'gation# a full eiae plot© of 
fisartenstte fonas in O.y-5 - u.S/^aeo* 'fhoce expertmritc show 
th.*-5.t the growth of mart ensi fee is not a therraalljr aetiwtefi 
prooesa* It is also evident that the interfaoe oepamting 
austenite and wrtensite mist be highl|^ ;sobiXe« 

As soon as a mioleus is oreatedi It grows to the final 
sissf and there is no further growth even if the driving foroe 
for transfornatiim is iaoreased hy lowering the tenpexature . 
Sinoe growth to the final sise takes praotioally sero ti»e» 
the kinetles are entirely detenlned by tiMi imoleratiim events* 
fhsae obssrvations hold good for all the tiiree types of sar- 
tenslte tmnsfomatlons* The transforeiatlon does not take 
plaoe at the temperature at whioh the free energy dlffertnee 
between austenite and smrtensite is serof but oiMmrs <mly at 
tenporatures at whioh thsrs is miffloient drifing fore© for the 
nueleation prooese* 

0eiih and BollcHson^ have shown that the isotheraal 
ktoetios in ft • li - Ite alloy iiiow a C-eurve behavioiir on 



f » T - T diagram. The maxiaum .fate of t ran® for atiOR lo 

fouua iR the ¥iciRtty of 100 - 15^®/'* '^?h® trai'i»foia-.tioR oao 

4 

he suppreseei hi” Tm:ii oooliBg ;'o 4®K', but tritiiafoimition 
takea place If the epeoiaen I® heated up fi'Oia to a teie- 
peratur© below These rc-ralts suggest that the uaoleetioia 
ie a therraally activated procees. 

1*3 Hviderice for Heterogeneous JJucleattOR: 

Ceeh and Turnbull^ auBteuitised tihl' partioieB of uR 
fe •• Hi allojr and quenohed Into the oartenslte te;fflperature 
range* Different particles transfcrrisd at different tenpe«> 
rmtures and mom did not transform at all even at verj low 
temperatui-ea . The oonelusicai obviousli^ was that the imole* 
ation me heterogeneous* The part lolm that did not mntain 
the preferred sites for nuoleation did not transform* 

i'letallographio ohserration® show that the position and 
formation sequence of martensite plates on cooling is rspNiated 
exactljr in the next cooling circle after revereal of ttm trans«* 
fcmaticsa hjr heating* In gold • 47*5 a9£ oadmiumi ‘mgh suste* 
nitising temperatures and times re^oe the number of jtmcleat- 
Ing sites* Thsrefcre» it oan be concluded that martensite 
fonis crnly at preferred sites* 

fisher et ml suggested that thsee preficrred sites 
M.^t be sompositiim flnetuatims* - A etatistieal distribution 
of sui^ ecnpssltistt fluetustiotis is su'ppcsed tc;be equiliMum 
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at til® ©a®t«nitisiag temperature. ;‘ueh eompoaition fluc- 
tuations are frozen in daring the quenching and iihej act 
a» nucXeation site®. But the concept of such otatistical 
diatrihution should lead to the presence of such fluctuations 
at mrSom and the reproducibility of the formation scqucucc 
of the marteriSite plates in a given specimen on revcrsee of 
transforiK^tion cannot be cxi-'lained . 

Ahe other alternative can be stmctu:* *1 hetero^.enei- 
tieSf consisting of non-equilibrim lattice im perfections t 
internal surfaces and local strains due to accidents of crystal 
growth or plastic Seforaation. fhe exact mture of the nuole- 
ation sites is not yet Juown. fmo niodels are disounsod hersi 
both of them assume the pre-exist tnee of the exchryos in tbe 
austenite* 

t«4 fhe Beaotion Beth Modelt 

A small region in the Xattioe of the parent phase may 
go tnrou#i c-- rapid sequence intemedl^ite structures and 
then a propagation (liice a strain save) brings out a narten- 
site plats* fhe atoetio oonfiguration of the eaibryo goes 
through the sequence of states by thenaal fluctuations* 
fhe sequence of intermediate states is the reaction path 
and involves a free-miergy barrier* 

A spactrun of embryos of differeiit s»otM«i4Mi is 
aesumed to exist. Cbi quandhing to the ttmpodmpmttm 




s 


temperature, the fret energy for nuoleation drops suffioiently 
BO th-'At some of the tmtoryot find theRit-.elireB ofer the foarriei-. 
Such tr.bryo® spontaneously grow and account for the athtiml 
transform>'i.tlon* Ztmm of the enbryos having sralXer potonoy 
»»y he thernsalXy active** ted to croes the fret energy barrier 
and thie givtw rise to the isotheraaX tranafojrati^tioii* 


6 

wlacialin and Cohen studied the iootherwi tranuforwi- 
tion twt follows the hurst in • 29 *p JSi alloy* <VaKUi;rlng 
the reaction path itodel, they ex perirstntaily det«x*?raa»ea the 
relative aotlva^ition energlea at different tempera ttiree • I'h^y 
quenched their specimen® to T7®b, thereby all the embryos 
with free energies greater than the actlmxtioxt energy 
would be used up in the initial burst* Imr^ed lately after 
prequeiwhing to liquid nitre^en, they upquenehed the epeci* 
mens to various higher holding tesiperfituree • If df 
represents the nuitber of embryos per unit volume having free 
energies between f and f 4- dF, the initial rate of nucleatl<m 
1 at any higher holding temperature f is ahoim to be 


* <*) - •»»[- 


W^Cf ) - f^C77®K) “ 
——W^ ^ 


and BC77«K) « %1> k 77 welsi/c*ev'»efi* 
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Slno« th« amount of wurtenslt® ie th« sam© for all 
tb® experlmente , tb« tranoforw-ition rat# is propoi'tioaal to 
the naoleation rate. 



A plot of - *^nC77®K) against temperature waa cade 

using the experimental tratt®for».tion rates at v.'^rious 

tsEperatures and the LAxiimsi rate of nuoleation Is estlmateci to 
to® around t30^K, The oaleulatlons from the Initial reaction 
rate® did not reveal the existenoe of a wide speotrum of eBbryo 
potimoie® some of which could transform atheramlly on quenohlng 
in liquid nitrogen. 

6 

flechlin and Cohen have worked out a relatiim toetv/een 
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TM® pereuntage-tim® relation is .MOt obejed la taetr 
•acperi cental ourires at 2<..0 ®'jC • 

1 .t) The Dislocation f^odel of '^lartenslte '^«bryoi 
7 

Fi'ank studied the crystailOfompaic aapoctc --ud 
chcwe'i that the Interface of an eubi'^^o lauat be a mvhlle iiak 
betvveen the two phases coasiatlnt', of an arra^ of screw di-u* 
locations. The growth tsf imrisnsiti© plate coiisists of n 
tniCK.eiii.ng process In which the interface of screw dislooa- 
tlcms uovos ahead into the ansteitite, FranjE’s model aaeuir.es 
the existence of » suitable interface, and deals with only 
the oryetallographic aspebts* The 'ptrcblen of nuoleatlont 
or how this Interface comes into being is not ooniddered* 

Assuming the exietence of such an intearface, Fimpp 
and Dehllnger hawe developed a model whicdi ms further 
developed by Kaufmen and C ohen to explain isotheriAl 
transforssaticn«t %e martensite embryo is a thin oblate 
spheroid I surrouiidi^ by loops of iislooetl<»is« . 

Growth of the embryo in and [22^^ dlreottcms is 

aehieired by the expanelea of the disleeatico loops* Grcmplh 
in [bldj^lfadtion inwolTes creation of mm dlslowatiow* 

The energy for the ereatiw ef new loops is supplied by 
the ehemieal free energy ehacge mrolved in the growth step* 
The free mrgy ehsjige inwelwed in the foraatien of a mar* 
teneite eidixye is 
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A w » At + ~ Cal/cra^ 


(1.4) 


wh«r® o- a Interf clul €n«rgy 

jP ^ ^ £ 

A - elastic constant defined by | -j~ 


0^ a strain ®ii«rgjf nontribution 


rafliua of tJi# oblate spheroid of !rarl;c..,site 
esbr^ro 


e m Bmmi thiokness 


Xt Is aseuiaed that there erlsts a relutlonehlp between 
r and e ®ueh thMt the eiobr/o assuiies a oonf4.gumtlaa ^'dth the 
mininyji value of non«*ohemioaX frt@*-energy ohange. 7M.s m>n 
be shown to be 


/JZ£,s 

OM' 


(1.5 


Vith this falue of 0# the free*>energ^ 

tern whieh retuMls the growth of the aribryo is givim 


A «• — 5. ^ 

d. « - -J- - i , ) 


( 1 #6 ) 


this ^niuitity tends to infinity for sines niwir r » 0. 
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fhis wmau ttet it is tiBpo©eibl« to g®f,®r«t® mAhxyQt} from 
©oreitoru -^0 the elxe of the embryo iaoreases, tne riisarc- 
ir^ foroe a£ diKsiaishe®* tfhe overall fro® Qimi£@ 

AW of the embryo f&tu a mxirauB! value 

3 2 

4 ^-^ , 2 S1^., A, C5ai/partiel« it.?) 

3Af^ 

v/iiea r * 11.8} 

Af^ 

Spontaneous gro'-vth of the embryo by therrai fluctu- 
ation® 1» possible only for eiabryoe teTlng r ^ r#« 
ewftller embryo© CBSuinot thena&lly becauae their i,rmth 
involve© an incree.ee in the overall free energy* for trane- 
fering the aaaller enbryoe across the potential bayriert 
thermal actlvati<m is not sufficient bacause of the large 
value of AW», Even though the si^ryos with r^ r^j can grow 
to deoroHseAW, the unit growth step requires certain actt-» , 
vation energy. 

Since all the dielcoatlon loops are ewApled togetlsirf 
their growth cannot be o<»ieiitre4 individually* Since the 
embryos are very thiat the three-diiieiisloiial array of dis*» 
looatlctts mn be approxiitated to a disloimtl^ loop lying in 
the C228 )y plane wMah fcUm the edge of the «ohryo» fhe 
energy of this equivalent loop ie the enrfaee energy of mtt 



embryo. I^ereforei It bas a burger* a veotor ob/i* 
Xhe energy of tbe giant loop la given by 


where 


--y « -TrCgrr^- 7| A r^) 

6 7^ 

» line tension of the loop • -.a. 

T| * active atres® on the loop 

m •• Af — ^ A 
T 


(1.9) 


The i^emioal driving foree C**Af) minua the etrain energy 
expendetii per unit voIoim ia the effective driving force 
wh^oh may be taken m the tranofonpition atreea acting m 
the giant loop to expand it. 

Subatituting the above vmluea in e^n. Cl>9)» 
o" r^ • 9^ 0 ^ 

tiuhatitutliii the miaerlfial valuta for Cl« A, b and di 

r^ *► Af C j ^ argAoop CUIO) 
W haa a iaBad^auai nalua when 
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For e!)ii>r>'oa tli« txiKia&ion of the loop 

»ec*ao m tihnvKfil actlv.tion ana ttae t^^rcwtis Jl» ®..tU.»cijruiiiic* 

?iTie activetton energy for tmit grwtli atop ia given 
by 

( 7.5^r * !.5 Ar (I.IE: 


^r the unit diaplaoeiaerit it taken as the bart^er'a veotor* 
/»ft®r proper substitutions* 


A Wy « 4 36 10 ^ i^) 


.1/2 


5«-r5A ♦af{f)’A r^e.as.(i.i3) 


IThis has a »risaii value 


Rgf.3 


A w 0.11 TT 


Af 


( 1 . 14 ) 


when m « 


.iAS5.i..l.....4i 

*• A f 


cuts) 


for eabryoe r« < r < r. * tlie aetivatl^ energy elieuM be 


aW ieoreaeea for lerge val»Mi of r eni m% 

, , ■ ■ ■ ■ ■ ■ . , 

r «• r- « f « 0# for embryo# with r^r m tiiewial 

® f * *^0 ■ 

aetivmtion is requiredi for §tmth and the irowm ie. oetaelyMBie. 




fh9 WihT^m iXAvm to grow with thtt &id of tiiejMiil 

fluctaatlona to the oatBclyemio m%z@ I'uoh eaibiyoa 

w 

eontrlbute to the loothersiiil ti^oefoimtioii* 

t.6 TSKperimental Validity of the Bifilooatioo ‘^lodieis 

fo explatii the teiaperr.ture i» Fe-Bl alloys, the 
size of the ewbrjo has to be a«isumed to be lOQU Kietaiafi 

€J 

et al'^ claimed to Imye oboexred embryos of about ti:iis eiee 

ia thin foils of Pe - Mi alloys under eleotroo !il©ro800i..«* 

Howerert from later iroi± It appears that there is some 

misiiiterpretatioii* In thin foils martensite torm above 

the teiDperature of bulh speeimens and eertain aeetions 

through the twins of martensite look similar to the nartetn'- 

•itio embryos observed by Hiohnan et al* Mo ooneluslve 

evidenoe is available from electron mlorisicopic obsarvatioM* 

However, the probability of observing suoli embryos under 

electron miorosoope is less than one in tO^ if the iiiMlMir 

7 3 

of pre^azisting imbryos is tO per oa • 

? fi 

The oaloulated A ^ wae eompared with *^e observed 
values of f e •* li • lo alloy, TtMi vahAS of A was 

taken as $00 eal/om^ m 2,1 z 10^*^ mitg/m?* This was obtained 
frem elastiolty theoiy'’^, Biere is uncertainty r«#urdttig 
the value of o' * Treat lag the screeMiielooatieii inl'erfaee 
as a low angle boundary, the interfaoial energy is estisiated 
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witfa th« Bead-Shockley tf^uatioii aa 1§0 er^-/©m^* fiie nt.m 
Interfac© vdth edg® dtaloeation® will teivacr* 250 9Te:u/mt\ 
If til® interfacial •a«rgy ia taken aa the core enerii'^'' of th® 
screw dislocations f the elaatlo strain eiiergi' heiOig taken as 
ne^iillglbl® beoaus# of the interphas® natu e of the bosiMary, 
then«r will he 330 erg/eas # Adoptingerss 160 ergs/oc/' which 
is within the limits of ancertainty and r » 1#(B x la cia, 
good agreemeiit is obtained between the computed and experi* 
mental aetiiration energies over the range 80®K - 18a*’K. In 
an Fe • Hi - Fn alloy* fhe eompooitlon ctf the alloy is 
taken to be equlmlent to 25 a!^' hi for ascertaining the 
thermodynamic data. 

This model prediots the aetivation energy to be 

proportional to the driving force for ttmnaformatlon (*»Af )• 

4 

This swk© experimentally verified by Intwiele for Fe • Hi • 
i%i allojB* It was assumed that in the early stages the rate 
of nuoleatiim H is oonatant* theni 

0*002 -IvTi* (U1«) 

where T. is the Incubation perlodf the time required to give 
^ mation aasd v is the voIusmi fraetion of the 
0*21^ transfai 

plates* V aiul were experimentally determined* .The free 
energy of aetivatiim ^ determined fjw the equatiitt 

■ - Ilj -i> wp - 


tl.17) 



1 § 


where ic the mimber of the Siout iiotent eisbryaa f.er oc. 

* I. 

I’he-'e are two liiff icultlte is con;pariRg with a 

A value met be aeeigned to Sj to owipute anti 

equlvaleaoe between nickel and munganme m.^t be acmumeci to 

enable hf to be calculated fro® the th«rmod;ymr;.ie data 

available for Fe - allo;^s* fith an adapted miu® of 

n. » 1(,A-’c*c., and either I4 a or ? lU *» '-toi then au 

m' * ' M 


either ©aoe tte reoulte f-j-r the alio^i'a uaed by ntv^la.to 
and s'hih et al show “?ig. to be proportional to (•* A f ;• 


However I with ia|_ « tovc*©* («»« embryo per grain;! the 
reeulte for different alloye fall on parallel but elightly 
separated llnee* Coneldexl^ng the above mentioned imoer- 
taintieSf, the value® of r and v- obtained by apply i.ng eqiui1*13) 
to the remits were found to fail in the rangeat 


Hi « m 


r - m - 220A», <r« 145 - 165 erg 
r « 204 - 2604®, or. 110 -117 erji 


4 remit of ■ %ilibert who studied the trasiefor- 
mtion in Fe - 2a. 17 a^ HI alloy euggeste that 2ii wHi ie 




of 'lfe« ilslooattoii Interfttot h&M found ver^ good t;^p'e*?‘3r.0B^ 
with tm «3ip«ri»«atal ol»s®rr-':r.tiojas of th% kloiitioii of stabi- 
lisation* 

f© ext find the theory of nueletition to oxpiGiii the 
tranoforrKitlon aratee at later stages of isothenml tronti- 
foriaation# a relotton between the oucleHtloo rates and the 
timnef ©nation rates ah^mld be eutablished in teres of the 
geoaetry cf the irartonstte plat® foraation 'within a 

1*7 Geewtetry of ^%rt•hslte tJaitss 

fhe sttrt onsite transfonatlon involves an inoreuse in 
iroluae* Anisotropio strain fields are oreated in the mtri/. 
by the shear Involved in the ti^nsf omtion and oonse ;uently 
the aartensite unite develop as lenticular or ellipsoidal 
plates* fiueh platee propagate .Uiitil they oolllde with etruo- 
tural oarrlere euoh as grain boux^rie8» twin or 

other ii»rttneite platee* A» mor» and oore plates fom, the 
grain ie divided into mmllmr and esaller eoatpartimite and 
thereforei the else of the plalee progreeeively deoreaeee* 

In other woirdBt larger and larger iMinber of nuelei will be 
xetuired ae the tsansforaiition prograssee to give the same 
aaount of siartenflite* A quantitative relation betive«!i the 
volnste fraetiim and the n^er edt platee was derived by 
fisher et they asaueed that the eiae of the sarlensite 


II 


plut« ie proportional to tiie volam® fraction of untraiiefomcfi 
auBteniie* Btomd that 

M m • q [j • (1-v)**^®^ (Ultii 

where K is the nuaber of plates la the volume of mrtm&ite 
V, q is u'm voluaie of an auetealte j^rsln and a: is a ©iape 
parameter which mn fee taken to be the thiekaesB to leiijith 
ratio of JHorteasite plate®# ■ 

It ahouM be acted that the treetwiat of Fisher et al 
ttSBuiiies ttot caiiy the grain bouadarita and the exlstiaii plates 
are the stiruetural barriers for the iwop&gatloa of a plate* 
However y son’etimes the plate is stopped within the grain 
particularly i^en the grain ia coarse* 

1*@ Autoaatalysisi 

the loothe3»l transforuatiim rate in ft - W - ^ 
alloys ia very alow at the very initial stagea of tjpansfor- 
nation » but the rata inciMiiniaaa rapidly after a asiill Bmmmt 
of tranafonsation* this eiiggeata that the foneation of 
aartexmlta catalyawi farther tmoaforttatlcHC* Th» cnly 

that exi^ina the #xparijs«atally obaanret timsafiw* 
nation onrvaa conaidara autocatalyaia as an intraasa in the 
«ffaotiva niMbar of operating anbsryoa* iaaming the maibar . 
of witoaatalytia ddnyoa to be p^porlional to tho voliasio 





m 


fraction of Mirtonait® tQrmm&f th® following; roJUf.tioii visis 
(cicriveid . 



V 


" + +'V'1, - ‘V‘v+v’'^'«' 


whore V w l-v and c is the autocatalytlc paraaieter wiudh iS 
the number of autooHtaljtic embr^/oa produced durint; 4hc* 
forirwtion of unit volust of mart*n»lt®. this erju-itiwi v»ae 
numericallj integrated witdi adapted wines of o which give 
the beat fit with the experimentai curTes. c is m function 
of temperature onli' and increases with increasing drlirlng 
force* At later stages of trsnsformtion, the oarsres oal» 
oulated from the aboee equation give smaller asMunts of 
transfomation than the obstnrtd amounts* fhis discrepancy' 

IB more at the lower tempera tures of transforaation* However « 
there is a very good agreesMint between the caloulated and 
the experimental curves till an appreolable amount of marten- 
site la formed* 


(!•'$ 
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2*1 iri’epaxmtion of tlie ^peelmcnt 

Ih# 1/2" 5" long ingot of an Pe • 30^ Ml 

a.iloy Pfdid® at the Univemity of SboffteM by vacu^ laoltijnie; 
mM mstlnt* WHS usedi In this invest %-.'.tion« S!he iu^^ot mis 
riacMnti to r-emovo t3b« oxiie on the surface and then eTOgsd# 
The swaging is carried out in a Torrington swaging i»chiiie 
in eleven stages of reduction* The diameter is reduced by 
D»04” in stagei while in the last stage it *.0 reduced 
by 0*039''» ^be die used in the last stage ie iM.de in the 
precision shop of Ilf 'Kanpur. After every two staies eC 
reductioot the specimens are annealed in vacmne sealed vycor 
tubes for t/2 hour at 1000 **6 and then furnace cooled# All 
the speolwine were given the f^me treatawnt to ensure 
identical pre-history. 

After «ii«gingt the epecimens are polished with an 
emez^' . paper to rsmove any surface cimtaninitim that sight 
have appeared hiring ths swaging operation# A typical spe^» 
men has a dianet^ cf 0#0d9" and a Isagth of 2"« ^ 

2«2 Austenitising freatssnti 

Th# spseisens ars encaisiulatsd in vacuua in tycesr 
tuhiM and are austenitisid at IIOO^O for 10 idJMtei in an 



tl«©tri© fumae© ©oiitrollti by a i^acts and Northrap 
t®aperatur© eontroller* 

jifter auatanitiaing ap«oir.«ri8 ar© air ooolad* 
Air eoolifig is rapid ©rirngb to suppreaa az^ d©oaE|«ai.tiiMn 
of auoteni^© and slow ©nough to a^oid the thexml 
This isaterial reoaln® auoteaitlo at rooB teuiijertitai*®* 
J'liokel lead© are then spot welded m the speoiisen for the 
sake of the eleotrioal reeietaiioe ateasuresHizitB • 

2«? Eleotropoliehliigs 

The eleotrolyte •me jxteps.rei by isliiiig glaeial 
acetlo aold end 5^ perohlorie aoid* the prepaz^xtion of 
the electrolyte calls for precaution as it is a Tlclezitly 
explosive nlacture* the acetic acid is kept in a beaker 
which i (0 kept in ice* After acetic acid, is sufficiently 
cooleci, perchloric acid is added in snail aomuits allcwiayg 
sufficient tine for -the nisEture to disaipate the heat of 
Bii3d.ng* the nest inportant precautions that are to be 
taken in nskind; t!»i electrolyte are 

Ct) ' the temperature should not exceed 20**C and 

C2) Mo OTfanic setter should cos* into eentset 
with ths shlutictt* 



■leotropolieliiiig i® carried mt with a atainlGBS ataei 
cathode. A pofcantial of S’) volts is airployed. After sirerf 
15 seoondB of alactropoliahiiig, tha electrolyte is allowed 
to cool. Meh speciEiien is eleetropolished for a total tine 
of one iBiaute. 

2.4 'Fhe ’'el via Bridge* 

Kelvin bridge is a ffiOdified version of wheatoton# 
bridge. I'he Wheatstone bridge sseasures the electrical 
resistivity of the waknowa resletanee plus tl^ resistance 
of the leads that connect the unknown resistance with the 
bridge* The reels taiice of the leads nay cause ciaftsidcrable 
error jparticularly when the imknown resistance is less than 
U«1 ohms* in the Ilelvin bridge • the effect of the leads 
ie rendered insignificant by putting the leads and contaots 
in series with high resistances in the xmtio ariM* This 
rmqatrm the use. of distinct current and potential tersii* 
nals for both the standard and the. unkncwai resistance* The 
resistance xMtasured corresponds imly to the resistance of 
the speciaen between the potential temiiials. 

A very anall aaount of heat ie generated in the' 
mpmiwm due to the paseage of curr^t during nsaeursMil* 
fo siniiiiise the error ihie to heating « a ^ press switch - is 
incorporated in the einaiit* ^s swltidi ie prMtsed wMle 
eheching the bridge balance ^ and than ^ily the. circuit is 


22 


Koiretitarlly an* fh« rest of th® tte© th® circuit lu oiW 
Cunatant sttrslni; of the bath helpa to rm-.om &vm the 
&mll amoimt of h®^«t that 1« generated daring meaeureisexit * 

2*5 I'*perisi«ntal I-Tocedure: 

About 2 1/2 litree of ®eti^l alcohol tn a disubi©- 
vmiled five litre liew&r flac m& used as ih® tsotheifiia.. 
batu-. I’h® bath W'.m cooled to the req-^ired teiSii®!’ itui-e 
b> auditioiis of liquid nitrcg«n« ih® both is 
stirreu hy a stirrer to ensure constant torspccatur® in 
thtt bath* Teiaperatur® Is n.iatained within ± of 

the test t®np«mtur« bj frequent additions of snail aMsiu&ts 
of liquid nitrogen whenever the petentioneter shd«w a ssisll 
rise in terpiratur®* A eop|)®J>-oonstant thersHaeotiple <th® 
Junction is nmdt bj spot'-walding) is used with a Merthrtip ^ 
k Iscds potentiometer to swasure the temperature of the 
bath* 

In thess experinents* two baths are iBSintained * 
one at and the other at the ujxiusnch temperature* 

After sMMisiiiring the resistance of the austenite spsoiaen 
in water at rocai tenperaturei it is quenehed to *95^€| 
and the electrical resistance ie measured to an aecunegr 
of 2 s abya*!* once In evm^ 1/4 mljiiitew After three 
mimtes «f the specimen is qui^lj trans* 

f ersd tc the other isothsnal bath* the rssistanim is 
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ra««®ur«<a for about half ao hcsur aod %hm th« spaelnan io 
up^aaueiiafi to room t®mp#ratare. Th® resiataao® of tli® 
apecimu ia jre.'i®ur«d i» water at room totsper ture* 

Th.® room twjperatar® reading© are taK«n in i»t®r to re- 
move tfi# s«ii anoant of hmt %bix% is generated aariiie, 
meviBareruent • meaeurejnent in air ahowa a ©lightly higher 
value « 

'Maintaining two bathe at the required teaperuture® 
within i 0*5®0 eimiltaiieouely i® rather difficult# Saine© 
the epeelmeii ie trenefered to the upquenoh tenpemture 
three mlnutee after the etart of the experlBietttt the 
second bath ahouM be at tti» exact temperature three {iin» 
ute® after the etart td the experinent* fherefortt the 
eecond bath was kept at a teapeimture about 1/2**CS * 3/4*’CI 
lower than the required taeperature at the beginning of 
the experiment f no that by the time the epeoiimni was up** 
quenchedp the bath tenpexature ease to the requirel teffi* 
perature. 

2«d Calculation of lercentage lai*ten»itei 

at IT^C that correepiwds to nartttsieite ie 
tanen to be 6*8 x 10*^ for fe * 30!^ Si alley^®. »ii» value 
ie need for the coaputatii* of pere«tage mvtmmtf froa 
the reeietlvity data# hny seall error in thie valite would 
only aultiply the trenafowtioii retee at all twmtux'ee 
and would not alfeot the ratioe of the mtm* 
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•^0 find tli* oh-HUge iia electrioal rswiiittace a at 
ti»« te«t is«23p®ratur«, tht resli/tanc® of tde au..,tie~iis® at 
the teut teiEpemture hud to he knoiwi,. But In the ailoy 
under inventl(*;ntlont about Q0%^ of rmrtenaite f orii» aty. 

BOOH aa the epeoimn ie quenohed* ^here Is no dix’oct 
method of measuring the eleetrteal reaistanoe of auete- 
nite at the sub-sero temperatures. The value of the tet- 
per.'.iture coefficient of resist iritj CiL. of pure auetenit© 
is erperimentalay determined by measuring resistance at 
various temperaturea between O^C end 35**^ • *Jhe laothaiw, 
bath for this experiment is water in ® dewar flask* Addition 
of ice and cmstant stizring of the lath enable a good con- 
trol of temperature* fhe ex|^rittw3t.8 on two different, 
specimens give the values of cL^ close to eaoh otheri 
8-097 X 10*^ in one experiment and 8*079 x 10**^ in the 
other* fhe resistanoe at the test temperature is cal* 
ealmted cm the basis of the e<iuaticn 

f»C “ ^ 17 ®C O ♦ (2*1) 

la each experlMutf the speelmen ie upq^uenclied to 
room temperature at the end of tl^ ex'periment* resis- 
tance Just before the upquenoh and the resietanee at rcom 
tewperature are measured* fhe difference between the 



rasiatanc® of aufsteiiite speoii ©n at that tmt %mpei’i-itux‘« 
(cal©, l&ted tm th® fcaais and the reeia- 

tano® at th© end of th® ©xperliient i© AS at the test 
temperatur®, fhue the ^H/5i for the aaffi® amount of inar- 
tejttsit® is it'oow at the test tessperstui*® and at the room 
tet'sperature. Sino® th® cfiiibrstion reported K- 
oorrea ponds to 17®C, th® ’vaiu® of at th® end or th© 
experiment has to h« known at 17 ®C to ealculate the ar:aunt 
of umrteneite forsisd in the experiment, iainoe the final 
value of the resistance is a»a»ured at th# room temperature 
(arcaund 35^C), the temperature ©oefftci«Qt of resistivity 
of the speoimen (with Mrtenaite) has. to be kuowt'. to 
compute A H at 17 ®C, oi- is experimentally determ~nec fm* 
four «p®cia«oB. jg veree® ikh/n at room temperature is 
plotted and for all other experteente ot gj ^«ad from this 
gmjh.and the resistance at 17®C is then, calculated* 'fhe 
linear relation between oigj and n/R at 35 *0 is gSLfm by 
(± ~ e-o\6i<l -o-OA3'^t5- 

Knowing A B/R at the percientage of martensite 

formed during the expeilmeat is cceiputed* fhis martwcyiite 
oorresponde to A B/H at the test teii«»ert»lure* fhne An/B 
at the test temperature that eorresponda to 1^ martnisite 
ie cGttittted* 
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To obtain the caXibr -tion at th# pre^uer.ch 'sempcra- 
turei the following; acthod is employed* j?h.e aeaouroa 
tonoe i« plotted time for all the experimeiits . rhe 

curreo are extrapolated to time * 3 Kioutes* J’h® resis-* 
tauce et |’ire<3u«noh temperature iiad the teat temper;:.. turo ■ 
;|UBt before aad after the upqueaoh are noted trait the 
curre* To ohecsk whether bx^ mrteiiiSite formed duriiin-*, 
the 'apquenehl3%, the temperature ooeffiolent of reaiwtenoe 
at -93 ®C la calculated for all the expez'tiseritb • 
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at t « 3 liictu. i2*3) 


The scatter in the value of ot ^ is only about 
fhereforey it i» concluded that no SBartcnelte formed during 
upqueniihlng* The ewmnt o formed during the 

firet three minutee Is computed using the value cdf a H/B 
at the UMueneh temperature* Since this eacuiit of mr^ 
tenelte formed at ^ in/V at ’•95‘'C ttmit ooiTespoade 

tc "1% martensite is computed* 

to minimise the error in the «»llbrati»ia of 
at. varicMS temperatureSf a Itaet a<%usre strai,^t Hue is 
fitted with the calibxmtion value and tempexmture* HslJii 
the calihraticn mHuim thus obtained* perean^Nie of mar* 
teneita formed is oaloulated trm the reeimtirlty data of 
all the eaq^M*lmenttt« the typieal otime are ehom in ficiireei--i-i 



3. nmtws A!ip mscysBioi 


3.1 Introducticuat 

Ouaiititatlir« agreemtnt betwtftii tiitt lixperiffieiitml 
activtitlcm mmijtm for ioothorsKl 

tiori anid %h% motivation enorgios onloaimtod on tho baoio 
of tte YBMtmu and Conofi siodel imo siiown by mirimis 
invoatlgatoro wltli the initial tranefcnmtlciii mtoe of 
Pe • Mi • Ha alloy®. Slnis* r®liabl« thamodynaisle data 
ar® not ®iail«bl« for fe •• Mi - .Ha aystomt th«a© agr®*- 
sHints ir«r« arrived at with an aatuaiption of some thento* 
dynaioie aquivaXanoa batwaen Ha and ii to oale.ilata a f 
from tha ami labia data on Fa • ii aystaia. Einoa mcn’a 
raliabla tharsodynaetio data art available on fa ** Ml 
ayatasi it la attempt ad in tha praaant invaatigation to 
ahaidc tha validity of Kayfman-Coh^ modal to tha kinatiaa 
of taothaiwal tranafonaotiOB in fa *• St «^lloy*. ^ha 
f rta anargy elbiKagw for tha tranaformation ma ba oal<»i* 
latad from tha ralation^ 

+ *(-3700 + 7*09 10*^ a 3*91 X 10*^ 7^) 

♦ *Ci-x5 [3600 ♦ 0*3@ f ml/mlp 


C3*t) 
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where x i® the atomic of Si anci f is ti;i© 

rutur© (below 1wC0®K)* 

I’or' obtainiiJ£; the aetivation energieef She followihsfc; 
efp'.iticaa ray be used 

lueleatloa rate k » b '(leaep (*h\AT) 

I'inoe the iralue of n it not kscwrnt the aotiwtloii energy 
eannot be deterraiaed* Howefort tliie difieulty My be 
owereoffie by ealeulating the ratio of rote® at two te»pe- 
raturee and Then, 

I s> exp C- A 

n« 

AaeuniBg that « 1 

3i| /AViot, 

tF • **3? • 1 ^ 

®2 k*r, 

Sinee r« variee with t«Rp«rature and the epmtiire 
are the onee with r ^r*» a irariatien of the mtisAm of 
eahzy-oe with tee^rattire ie a poeeihlXlty* Sinoe m 
Infonoatim ie available regarding the warlatioa of » 
with tmipera^ei it 1« aeeiPMd that the atnlier of miSmfm 


^ vyoij. 

”k-r. 


1 


(5.2) 
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aft«r a given amount of traneforwition i» independent of 
tespeTOture . }!oweves*t the error due to the posulbie ©tmnge 
in n with temperature oan he nlniiaieed if w« work in a 
temperature range where a ehange in temperature sakea a 
oomimratlvely large ohang® in the exponential term* At 
tempemturee near A^ohanges rapidly with temperature 
and the ohange in n le inelgnifieant . 

In eoirelating the transforwition rate with the 
nuoleat ion rate i the oomplioating fact ore are i»rtitioning 
and autocatalyeie • Both of them are funotime of volume 
f rant ion of marteneite formed* In the present inventi- 
gati<mt the epeoimens are upiuenohed after three minutee 
of traneformation at •*95*^0 to varloiis holding tempera tores 
hetween -80 and at - 10° intervals* The xatw 

before and after the up<|ueiMih vs^ heoause cf t)to tesiimH 
jEature change only« while the volume f root ion of martensite 
and partltlonliig being the eaae* nlnoe is found fron 

the rates in ths same spseimsn at the two differsnos' tempo* 
raturest e poesible variation in grain else from speeimto 
to epeoimen does not affeot the results* 

XOII t 

A O^eurve bidmivloitr of the nueleatlon rates is 
observed between and fhe tMipd^bure at 

iMeh the mixiiiiim naeleatito rate oeeare is f ottnd t# be 


&rouxi<i - 73°C, thm twasle of %M o«tlc.>Xatioiis i«c@ 

Btecblia mid Col<*ir ffltli th« timperature ditipeudmim of th$ 
mGMvared aetlimttoa energlos, th« t©ffip®rfitur« of th® mxi- 
'raiw nucl©atto» rat® i® around 13Q®!# Sta®« tti® nos® of tfa® 
O-eunre d®i'«n<ie on the potency- of tfe® embryos § w® may ©on- 
clud® tb't there ie a speetruia of embryo© of different 
poteneiee* 4fter three niautea of traii©fOi.<iatlozit t^ 
nor® potent embryo© are ead^usted in tlm tranaf ormtlcia at 
and ttai Xesa potent embryos remainiiig after 3 minutes 
at -9b ®C show the nose of the C-oimre at -73®C* fhe ^''-aufraan- 
Cohan model prediots the nt^e temperature of O-murre to be 
very sensitive to the alee of the embryo* 



At the temperature at 

I 

^ ^ AW^ 

T 


whleh N is maxiini»i 



dlT 



at timi nose tempeimt are- 


Substitmtiag the Kaufman-Cohen expression forhf^ frc» 
sqm* (1.13) 



Tii© ©^jUatioii (5*1) for Af OJ&n b« writfon by rearraxigiMi; 
tiM tomm as 

Af « - Cf^ + {Win f ) f + 4 F^f^) 

«rgs/c.c* (3*4) 

whsre *« 1202 (l-x) *3?00 x. + xi1-x; 3t>00 
^b * ^*5^ % (t*x) 

Fq « «2,63 X IO"^ Cl*3i) -»• 7.G9 X 10*^ ae 

F^ « t.54 X 3.91 X 3c 

'Em r.^olar Tolumi of ths alloj 

Substltuliiiig for Af aa4 equation (3«3}f it ©an 

bo shown th t 

r„ • giTA/ - 2»a 

(5.5) 

wbsrs Is tbs sis« of tbs snbryo iibiob has tbs nsjdsiiitt 
probability of molostion at tsapsvaturs f « Sbo ralaticsi 

f<-5 3-2. 

bstwssn r^ and f la plotts4 for tbs alloy vm&mt ini'oati^tifai 

At »10*Ct tba iwlua of r« is aboat 4 $ 0 A« CwiUKr* lil 
•rgb/M^) and an abbryo of also 2lf A* oaxmot xn»aiaata mm 
tbottfb •*10*0 oorraaponda to tba mm of tba OHmrfa* If an 


,4 ♦18 X ,1.0*^. V 

1 5 





allo;^ eontaina oalj anjall tmbryos, it ssot shew any 
txansfotaatioa littoautt« the temp®ratux‘«s at^whieh tiM &isa 
i© greater tliaa r* be well below the C-©urr®« It ie 
i|ulte poaaible that Bom of the alloys wMoh are aueteriitie 
at subsero te^perat^ires mj show isotheml traastozs:itie» 
if their swll embryos are stimulated by plaatio deformatioii 
or some other »eaas« 


3*3 Activotloa Energy :-roportional to the SriTing rwoe* 

3!he Kaufsaan and Cohen model predict Ion of a litiO'^r 
dependence of aotlmtlon energy with the driving force is 
verified* 

Frcaa equation {3*2' 



If 4 « a( a f ) 4 b where a end b are iniependwat of teie* 

peratiire» 



f o avoid expioriraental eoattert i« taken froii ^be 

otirve ta vereee tmiperatitre Cfi««b-l ) 
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3-3 

is plotttd md th« straight lina shows Ih^ t mqn* (3*t) 

Talid and htncis th® aolsivattoa ensirgy Is, proporliaoul to 
th® driving foro®. frofs th» graph a and b art foiind and 
thts« valiat® to th« term in th® Kmufi«m*Cohen 
©(|u tioa for ©qu. 

a »« 4 3E I 0 *^(f )r^ « 1 .742 x 10*^^ 


b ■« 12 X lO"^ 3 p 5/2 ^ g, 23 g 31 lo"*^ 


JPUttUag A Ml 2.09 X 10^*^ «rg»/©ffl^, 

c^r^ ■» 9*149 X io“^^ 
aad cr-ar • 5,842 * 10"^ 


SoXv^ag thts® two squatioiiSf 
r m 2,5a X 10**^ on 

: <*"• 141.4 tra®/®*? 

3.4 (hklotOatioiis witli th® Bata fra» MaohAla and €<^ii 0 iii 

and O^tai#' proqiiaaaiiad aa' Va ** 29 * 3 # ii alla 2 
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bolding t«i(p«.ratar®8 abovt - TO®C and aeaaurod til© initial 
rat?:? of transf ormtion* ThCi' reported aiailar set of 
expeilacnt© with -?0®C a® the pr«que»eh t«®p«ratur®* In 
the fiTOt set of experifflentSf the mime of (dfg -Af^)/ 

- I-) are very close to each other* In the secwd a«t 
2 ”1 

of exjpsriment® with -70®C as the prequenoh tenperatui^ei 
only three upquench tesiperatures were reported and a plot 
could not be obtained with the three points* fherefoiHt 
the followdng procedure is adopted to obtain the values 
of r« After aubstituting for a anl b and rearranging the 
terw in eqn* Cl*7)f 





r i® obtained from thia equation for atveral value® of » 
for the experineiite of thie inveatlgation a» well ae thoae 
of laehlin and Oclieni the beat value of ^ la found to be 
162 erge/«it®* It ia eignlfioiusl that the beat value of 
i« the naae for all the three eeta of expenaentef elille 
r hae dlffer««t value® • for a value of differwt fro® 
162 arga/eaf I there i» a ayetweitie varielion of r wi^ 



the laijqueiiefe ttmp*i»ture« f<» eiaftller value® » the 

lower teiapeititure give© a sssaller r thuii the hlj^ilier tempe- 
rature* For higher value® of cr « the trend is reversed* 

For «»mpl«t ifor the experiaieiit® of the present investi- 
gation the value® of r ore 2'-^3 and 210 A ® for upqueneh 
rates ot -80®C tmd -10®C respeetively with a value of 
(7- « 140 ergs/cm^* But the values of r are 29Y and 2;J1 
respectively for upquenoh rates - 80*0 and -10**C I’oapec- 
tively with Kr» 200 erg»/©m2* .However, wither- *162 ergs/emS 
variation in r for different up<|u®aeh te©per^-.ture® of the 
sane set of experineats i® witMa tA®# fhe values are 
tabulated below* 


I’retueaoh 

jn in 


-95®C 5 aifflates . 

236 


•.70*0 

246) 

Uata frem 

) 

mehlin 

-19§®0 : 

267) 

and CcAien 


for a thoroii^ verifioatien of the aodelf aiere 
proportionality between aotivatic® energy and (-a.f) i® 
not oiffiotent. the olh«p aepeets of the isodel have to 
be verified. A we eruolai test for the »®del id.ll be 
to ehe#: iliether the eehryns r* < r < i:|. have the eeae 

e 

aetivetien «aieri|r of a ijniNii^eotivi of their eiee* 


”ith th® valu® «r»* 162 ergs/cis^, a oalculation v/ith 

«qn, (1*15) ahowa that at *95®C la 512 ao which ie 

larg®** thari th® calculated alae of th« eaihi^o* If this 

la the eaaa, then the activatlcn «mrg^ ahould eoire&pund 

? I ( 

to a n-'^ rather than A Bat 4 la proportlom^t© 

M' 

l/t- Af'*} and a proportionality of with C-Af ; la 

not expected* fhe llne'.ir plot can he xplained only if 
r^ i® shifted to a lower value during the progress of 
the transforeation so that soot ef the eaihryoa still 
have rp^r^m It ie s'nown in the following dlscmasion 
that the effect of the atxalna created In the loatrlx hy 
the progress of the tieinefoxwitliHO le to lower the values 
of r*f 4.Wy, 

3 •3 3?he If feet of Strains In the Matirlx on Hucleatlont 

The etraln produced In the natrlx during the 
tranefomatlcni stay he aaeuaed to he prcportlinsRl to thh 
Tolune fractloii of siarteneite fonMd* It le well known 
fact that enalX aaoinite of pleat ie defomatlon have a 
stlmlatlng effect on the eahryos* fhereforCf it 1* 
reaeonehle to propoee that the strains produced hy the 
tranef oMstiOB aid the energetics of the growth procesa 
of the imhryoe* It the etrsdn energy due to the tmno* 
fomaticn im kv per unit votaM itaere v M volitiM fra#* 
tloa of aarteeoito foamed ..and k to a propearlloaalil^ 


eoiietantj thtn followltig the saE# argimmtB ttet were pit 
forward io deriving the strain energy tera in the ecin* 
Cl*4)» it can he ehcwm that the strain energy terra 

♦ 

should be re>»laced by (■SMdfeSx) ^ f hen equytiori ( 1 *!;? ) st*y 

m 

be rewritten ae 


%/2 


m 






■ € 

It is metallographically obatrved by riaeifisvan 
that the n^rtenelte plates are relatively thieker when a 
sigaifioant auount of laarttiieite fomed than in the early 
stages of the trensfomstion* tlie thiekness to length 
ratio varies frs» about 1/20 to 1/tO friMa.O to trans- 
foraaticm* from the above eonsldei*atictn« 


Xm 

m e**^ <r ^ 


1/2 


{ 3 * 10 ) 


It Rhotild be noted that r deoreased m v inoreasea 
beoauae ctf iwirtitioning* 

It the above aodlfleatiim in the atrain eineriy ia 
appliedff re deoreasea ffoa the value givan by {1«@) 
to t^i* ' 


*a * 


irync) 


(s.«) 



T 1 i*b th« «iite^08 with £ r r* which wcr® pr©- 
vtijusly inoperativ® hecojsie op®ratt¥« they can 

their overall free energy fey grosvth* Then the erobryoe 
between and r^ are the autocatalio «»bryo0» /*t any 
j'iartloalar teii'.pemture, the niurher of eaibryoe fee 
a:,o:i 3 seh to fee uniformly distributed over the rain^e r« and 
in the initial stages of transform -tion when the dif* 
ferenne feetween ri^ and r^ la not large* 

Surafeer of autocHitalytlo enfexyos ^^Cr* • 

OL V (3*12) 

Af^ 

Thus the mister of sut oostalylio saferyos is ppopor* 
tioMl to the volume fxmotiim of nertefislte forsaid* IQfes 
dependsnse of the ooneteiit of proportiiMnelily' tm the driving 
foaroe ie evident* An laorwat in drivtng feree feriiipi the 
range (r« * to lower values dt r and the dietrifeution 
cf the aniiryo eiee ia iiypCKrtant in deteredning thearetloally 
the dependenee of autooatelytle imreweter on driving foree* 
Howevery the dlstrifeutic» of emfezycmi oan fee oalealAtMed from 
the experimenteX values of o at different temperatureoy if 
this treatment ie tehen to fee valid* fhe above 'aualyoie 
does not involve any aeeumption regarding the na'^ire of 
the IntadEaeo or tho growth meohanieei and thorefore 'ie 
more genital* 
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Howav«rf if tnia traatKfsnt is to the 

K®u£mii-Coh»ii fiodel, aeother aspect of autoeatalysia la 
evident * 

The values of and are lowered a factor 
of The value of A aleo is lowered* -luce the 

term .<r/(,A-.i<,v" appears in the a<^ativ« ter® and ( '^/A-itv ) 
appear® in the positive term of the e*pre®slon for ^ ^ in 
eqtn* (1*13)* the net effeot of the increase in v is not 

weh in the early stages of the trfyasfoxwtion* For a 

I 

given aaount of transforaatioa* the ohHng# in the : 
hrt^ght aboiit hj autoimtaljrsie should he sHare if Af Ms 
a higher aagnitude* fhis agrees with the fast that the 

dieCM pansy hetweM the escperisiental treoisfinriiatioii'^tiae 

IS 

surves and a theoretical nodel for tM progress of the 
isothermal transformation' whioh does not oonsider the 
lowering of astlvation energy hy autooatalysis is more at 
the lower temimiratures * ; 



t t'ifter 3 ttinutes of touaforffi-.-tion at th® 

speciisen® wer© upquonotiti to m'lrtous t®iap®3patur®» 
and the nuoleation i^tta ahow a C-cunr® botefioux* on 
on a T-T*T diagram# ila® ttmperature tit v/iii«ia 
ifla,3ciJW® iiuol®atloii rate occurs is arouad -Y3*^€* 

2 The actlTatloa eiiergy for aueleatlon Is propm*^ 
tional to tilt dri'vliig force for the trajfififoiiaatioa* 
Til® ealties of r aM «“whlali giirt best fit to the 
Kaufmftn«»Coheii modsl are caleulatedv 

3 !Pbe effect ot strains produeed iiirlxig tlie trans* 
fomatioa increases tbe tbieknees of tbe marten** 
site plates at tlic later stagee of trejaeforttitloa* 

4 The isroportionalitj between the mmhmc of auto**, 
eatal^tio embx^oe and tte rolmm fraction of 
rartezuiite formed la explained* The depetidwPHSe 
of the eutocatali'tic paraaieter m the drleixig 
force is ^ualltatiireXjr explained* 
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TABLE X 


Pretuencii temperature -95*C. 


0pq.uencii Temperature 


Rate at upquench temperature 

1 1 m ipw 

Rate at prequench temperature 


-10 

-10 

-20 

-20 

-30 

-30 

-40 

-40 

-50 

-50 

-60 

-60 

-70 
-70 
— ©0 
-80 


0.31 

0,31 
0.45 
0.56 
0 . 6 © 
0 * 66 
0.78 
0 , 86 -; 
1,04 

1.13 

1.29 

1.22 

1.38 

1.31 

1.00 

1.16 




APPEN01X I 

Th« followix'^ lathe Portriui program fot so Ivixig «qn, (5*8) 

for r with stverui vulu«« of 

X*Atoiiiio fraction of Sioktl 

uIO*l:>urf«o» oliorgy @rga /ca^*', 

TnAH(I)*Triaja9forjw*tlo« rstii 
I'EMPCl)* I’offiporatur® 

D£f'(I)»Af #rg«/oc* 

fl«Si 2 « of the embryo 

|.yi*«Humb«r of sot® of sxporlasot# 

Ijm Number of opciusnoh reeiiXigs 4-1 

Subsoript L refers to the prttueacfe temperetmre, 

C ■ KODECK. 

CIKENaiU* KMP(20),XRAN{i.’E),Fl(20),F2(20lf,BEf(2ot,Hlli(20) . 
X«0*2B97 

FA*l202.^(l.-X)-5700.?t'X+XM<l.»X>fe3600. ' 

(-3* +7, 09*10*s-^{-4 • )p~-X 

FD-X. 54^X0.^^* C-6* 9ia0.“K* (-7. )*x 

I*X»58* 71/8. 9^-(1.-X)5k 55.85/7. 674 
D020 syii-x,3 

HEAB 9iX 

FoHUAT (12) 

XAST»3>.X 

KEAIJ10,(fEiFCl),XKAliCl),I«l.X) 

P0R«AT 

' BO 50 X-X^X ' , 

FlNiX^ X**I)ii«0« i8^{X»*AXi06C Wf Cl ) )) 

B£F( Cf A4IWF( ii!P{X)*CFG4TiWC 1)3^») ) )#4a9*lOpH^)/I 

fmm \ ' 

:TORflAf CXX»*iaitM*®*iX«*8)''' ,, , - ' ; 


CQI^: :L UK 

DO lOu i-kl,20 
SIG«»SIG+1* 
yw(3,IG/i,093se^.5 
1,SIG 

i'ufv'.Al {25X,f6a) 

DO 100 1*1, Mh^T 

SA^k3♦*SIQ>)tC (1./ ) >-(l,/Xu',D( 1} ) ) 

F2( i )« ( 1. 3O^AL0G (XM N( D)/Xit/u ( I) ) )/ (4,* ¥ Ay. } 

£N2* 0 

DO 7 «f«l,35 

R*fl+0,1 

i-mC I )»K*^ l,5)m( I )4«*R-F2{1) 

IF CFUM(IJ)X3,15#7 

cohTmm 

BpfKO.l 
DO 16 10*1,10 

F0H( I )«R^i<l. 5) -fFlC I )iK.a»®-F2{$y 

IF (FU»(I)) 34,34,18 

comRUE 

f&«B-0,01 ' 

DO 17 l&il,10 

l%«fi3+0.001 

Fun ( I 5 )^F1( I ) 

IF(I1J»(I)}35,35,17 

COfiTIUOl 

jpfimf 5,tBIF(I),TEMPCl.),aflCl),F2(I),S,FB»Cl) 

FOmAl ■ (lX,2f«.l,3X,2114#8,5X,2il|fc^^Fl,.3,5X»S18.®) 

CO«fI»DI 

STOP 

BMD 
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